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(S) Method and apparatus for producing polymers. 

(57) Polyolefins are produced by a process which 
includes the steps of : polymerising an olefin in 
a reaction zone A ; removing unreacted olefin 
from the polymer in a flash chamber B and 
recycling the unreacted olefin to the reaction 
zone A ; stripping unreacted olefin from the 
polymer by passing a stripping gas through the 
polymer in a stripping zone C ; passing the 
unreacted olefin from the stripping zone at 
superatmospheric pressure through a gas 
separator D housing an adsorbent bed which 
selectively adsorbs olefins ; depressurising the 
adsorbent to produce a substantially pure olefin 
and recycling the substantially pure olefin to the 
reaction zone A ; purging the adsorbent bed 
with a nonadsorbable gas to remove residual 
unreacted olefin from the adsorbent ; and pas- 
sing the resulting purge gas-unreacted olefin 
mixture to the stripping zone B to be used as 
stripping gas. 
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This invention relates to the polymerisation of 
monomers and more particularly, to a method and ap- 
paratus for the polymerisation of alpha-olefins which 
provides for the efficient removal of unreacted mono- 
mer from the polymeric product. 5 

Polymers, such as polyolefins like polyethylene 
and polypropylene, are commonly produced by the 
vapour phase or liquid phase catalytic reaction of an 
alpha-olefin with or without an inert diluent. The poly- 
meric product exiting the reactor is usually conveyed 10 
to a flash chamber wherein a major portion of the un- 
reacted monomer and solvent is removed from the 
polymer and recycled to the polymerisation reactor. 
The polymeric product, which still contains residual 
amounts of unreacted monomer and solvent is next 15 
transported to a stripping zone, wherein additional 
amounts of unreacted monomer and solvent are strip- 
ped from the polymeric product. This is generally ac- 
complished by heating the polymeric product and/or 
passing an inert gas stream, such as steam or nitro- 20 
gen through the polymer, thereby stripping additional 
amounts of unreacted monomer and solvent from the 
polymer. The unreacted monomer-solvent-inert gas 
mixture is then subjected to a separation process, 
such as distillation or adsorption to remove the inert 25 
gas from the unreacted monomer and solvent, and 
the latter are recycled to the polymerisation reactor. 

Japanese patent document Kokai Sho 60-79017 
(1985) discloses a process for recovering unreacted 
olef inic monomer from a polymer product being dis- 30 
charged from a polymerisation reactor. The invention 
of this patent document is stated to be an improve- 
ment over prior art procedures wherein the polymer 
from the polymerisation reactor is stripped with nitro- 
gen, thereby necessitating removal of the nitrogen by 35 
fractionation or adsorption before recycling the recov- 
ered monomer to the polymerisation reactor. In the 
process of this patent document, unreacted monomer 
is stripped from the polymer with the corresponding 
alkane, i.e. an aliphatic saturated hydrocarbon having 40 
the same number of carbon atoms as the olefinic 
monomer, obtained from an aikene-alkane fractiona- 
tor. The stripped gas is recycled to the fractionator. 

Adsorption processes for the removal of the inert 
gas from the unreacted monomer-solvent mixtures 45 
are often preferred over distillation processes be- 
cause of lower equipment and energy costs. It can be 
appreciated however, that the adsorption procedure 
practiced must be one that does not return inert gas 
to the polymerisation reactor. Accordingly, if the ad- so 
sorption cycle includes the step of purging the ad- 
sorption bed with the non-adsorbed gas stream with- 
out subsequently separating the purge gas from the 
desorbed product, the purged desorbate will contain 
inert gas, and accordingly, cannot be recycled to the 55 
polymerisation reactor. 

Because of the value of monomers, it is important 
to recover and recycle as much unreacted monomer 



as possible. The present invention provides a method 
and system for recovering substantially all of the un- 
reacted monomer from the polymeric product while 
minimising the introduction of inert gas into the poly- 
merisation system. 

According to a broad aspect of the process of the 
invention, a polymer is prepared by a process com- 
prising the steps of: polymerising an ethylenically un- 
saturated monomer in a reaction zone in the vapour 
phase or liquid phase, either in the presence or ab- 
sence of a diluent; passing the polymeric product 
through a stripping zone wherein a stripping gas 
sweeps unreacted monomer in the form of a gaseous 
stream from the polymer; subjecting the gaseous 
stream to a pressure swing adsorption (PSA) process 
comprising an adsorption phase in an adsorbent bed 
which adsorbs the unreacted monomer more strongly 
than other components of the gaseous stream, and 
a regeneration phase which includes the steps of (1) 
depressurising the adsorption bed, thereby produc- 
ing a substantially pure unreacted monomer stream 
and (2) passing a purge gas countercurrently through 
the adsorbent bed, thereby producing a purge stream 
containing the unreacted monomer and purge gas; re- 
cycling the substantially pure unreacted monomer to 
the reaction zone; and passing the purge stream from 
the PSA system through the stripping zone as the 
stripping gas. The purge gas is preferably an inert 
permanent gas, such as nitrogen, the nonadsorbed 
gas stream exiting from the PSA system or a saturat- 
ed hydrocarbon. In one preferred embodiment the in- 
vention the monomer is an ethylenically unsaturated 
hydrocarbon having 2 to 4 carbon atoms. 

In a modification of the above-described embodi- 
ment, part of the nonadsorbed gas stream is directly 
recycled to the stripping zone for use as a stripping 
gas. In this modification, step (2), i.e. the PSA system 
purge step, can be eliminated, if desired. However, in 
a preferred aspect of this modification it is not elimin- 
ated, and both nonadsorbed product gas and the 
purge gas from the PSA system are used as stripping 
gas. 

In one preferred embodiment of the process of 
the invention, the countercurrent purge gas is a satu- 
rated hydrocarbon. In another preferred embodiment, 
the adsorption bed is cocurrently purged with a 
monomer-rich gas stream after terminating the flow 
of feed gas to the PSA system but prior to the regen- 
eration step. In another preferred embodiment, the 
polymeric product exiting the reaction zone is passed 
through a flash zone, thereby removing unreacted 
monomer from the product, and the unreacted mono- 
mer is recycled to the reaction zone. In another pre- 
ferred embodiment, the monomer is an alpha-olefin 
and the purge gas introduced into the PSA system is 
a saturated hydrocarbon, and the polymeric product 
exiting the stripping zone is passed through a second 
stripping zone wherein it is further stripped with an in- 
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ert permanent gas, thereby removing residual satu- 
rated hydrocarbon from the polymer. 

A more specific embodiment of the process of the 
invention comprises passing a mixture of an alkene 
and the corresponding alkane through a fractionation s 
zone wherein the alkene is separated from the al- 
kane; polymerising the alkene; passing the polymeric 
product through a stripping zone wherein a stripping 
gas comprising the corresponding alkane sweeps un- 
reacted aikene from the polymer; subjecting the al- 10 
kane-unreacted alkene mixture to a pressure swing 
adsorption (PSA) process comprising an adsorption 
phase in an adsorbent bed which adsorbs the un- 
reacted alkene more strongly than the ialkane, and a 
regeneration phase which includes the steps of de- is 
pressurising the adsorption bed, thereby producing 
substantially pure unreacted alkene, and passing al- 
kane through the adsorbent bed as a purge gas, 
thereby producing a purge stream containing alkane 
and unreacted alkene; recycling the substantially 20 
pure unreacted alkene to the reaction zone; and pass- 
ing the purge stream from the PSA system through 
the stripping zone as stripping gas. 

As was the case with the broad embodiment de- 
scribed above, the more specific embodiment just de- 25 
scribed can be modified so that part of the nonadsor- 
bed gas stream is directly recycled to the stripping 
zone for use as a stripping gas and the PSA system 
purge step is preferably included, but can be elimin- 
ated, if desired. 30 

In a refinement of the most preferred embodi- 
ment, the polymeric product leaving the stripping 
zone enters a second stripping zone wherein the poly- 
mer is stripped of alkane entrained therein by passing 
inert gas , such as nitrogen, through the polymer. 35 

The invention also includes a system for produc- 
ing polyolefins by the process of the invention com- 
prising: 

(a) a reactor for converting an olef inic monomer 

to a polyolef in-rich product; 40 

(b) a stripper adapted to receive the polyolefin- 
rich product from the reactor and strip unreacted 
monomer therefrom by passing a stripping gas 
through the polyolef in-rich product; 

(c) a PSA system which contains an adsorbent as 
which selectively adsorbs unreacted monomer 

and which is adapted to receive a feed stream 
comprising the stripped unreacted monomer- 
containing stream at superatmospheric pressure 
and adsorb unreacted monomer therefrom; so 

(d) conduiting to convey unreacted monomer 
desorbed from the PSA system during a bed de- 
pressurisation step and recycle it to the reactor 

(e) purge gas means adapted to purge residual 
unreacted monomer from the adsorbent; and 55 

(f) conduit means to convey the purged unreact- 
ed monomer and/or nonadsorbed gas product 
from the PSA system to the stripper for use as a 



stripping gas. 

The invention is particularly useful for the poly- 
merisation of any low molecular ethylenically unsatu- 
rated monomers, including mono-olefins and diole- 
f ins having 2 to 4 carbon atoms, vinyl halides, acrylic 
monomers, etc.. Examples of these include ethene, 
propene, the butenes, butadiene, vinyl chloride, ac- 
rylic acids, acrylic esters, acrylonitrile, etc. For the 
purpose of simplifying the description of the preferred 
embodiments, however, the invention will be descri- 
bed with particular reference to the polymerisation of 
olefins, especially ethylene, propylene, the butenes 
and butadiene. 

The polymerisation may be carried out in the gas 
phase or the liquid phase, and in the presence or ab- 
sence of a solvent or diluent. The invention is partic- 
ularly useful for the production of polythene or poly- 
propene using ethene and propene feed stocks which 
contain up to about 0.5% ethane and propane, re- 
spectively. Lower purity feedstocks can be efficiently 
used in the process of the invention because of the 
ease with which unreacted monomer is separated 
from the corresponding alkane in the PSA system of 
the equipment train. 

On completion of the polymerisation step the 
polymeric product, which contains, in addition to the 
polymer, unreacted monomer, and solvent or diluent, 
if one is used, is treated in a series of steps to remove 
the unreacted monomer and solvent. The first treat- 
ment zone is generally a flash chamber wherein the 
polymeric product is subjected to a pressure drop 
thereby causing much of the unreacted monomer and 
solvent to flash and separate from the polymer. The 
separated monomer and solvent is recycled to the 
polymerisation reactor. 

The polymeric product leaving the flash chamber 
may still contain a significant concentration of un- 
reacted monomer and solvent as impurities; accord- 
ingly it is usually next sent to a stripper column or a 
series of stripper columns to remove substantially all 
of the remaining volatile impurities. In the stripping 
column (s) the polymer is stripped of volatiles by pass- 
ing an inert stripping gas through it The gaseous ef- 
fluent from the first stripper is next sent to a PSA sys- 
tem to separate unreacted monomer from the strip- 
ping gas, since this stream contains considerable 
quantities of valuable unreacted monomer. 

The PSA system used in the invention contains 
an adsorbent which adsorbs alkenes more strongly 
than alkanes and inert permanent gases, such as ni- 
trogen. As the gaseous stripper effluent passes 
through the PSA system, the olefinic monomer, and 
solvent (if any remains) is adsorbed and the other 
components of the gas stream pass through the bed. 
The adsorption bed is regenerated by a multi-step 
procedure. One step comprises de pressurising the 
bed to desorb high purity monomer therefrom. The 
high purity monomer is recycled to the polymerisation 
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reactor. Another step comprises countercurrently 
purging the bed with a nonadsorbable gas, such as 
nitrogen or a low molecular weight alkane. The purge 
stream exiting the PSA unit is recycled to the first 
stripper to serve as a stripping gas. Alternatively or 5 
additionally, part of the nonadsorbed product gas can 
be recycled to the stripper as stripping gas. The un- 
reacted monomer in the purge gas and the nonadsor- 
bed product gas stream is thus recycled through the 
PSA system, thereby enhancing monomer recovery. w 

The invention will now be further described by 
way of example with reference to the accompanying 
drawings, in which: 

Figure 1 is a schematic representation of a first 
embodiment of a system for producing a polyole- 15 
fin by the process of the invention; and 
Figure 2 is a schematic representation of a sec- 
ond embodiment of a system for practicing the 
process of the invention. 

In the drawings like characters designate like or 20 
corresponding parts throughout the several figures. 
Auxiliary valves, lines and equipment not necessary 
for an understanding of the invention have been omit- 
ted from the drawings. 

The apparatus used in the first embodiment of 25 
the invention and the arrangement of the various 
units in this embodiment is illustrated in Figure 1. The 
equipment units include a polymerisation reactor, A, a 
flash vessel, B, an unreacted monomer stripper, C, 
and a gas separator, D. These units of equipment are 30 
all well known and their design features do not con- 
stitute a part of the present invention. 

The process of the invention will now be specifi- 
cally described in greater detail with reference to the 
accompanying drawings. Turning now to Figure 1, a 35 
feed stream comprising an olefin of the type descri- 
bed above is introduced into reactor A, through line 2. 
A catalyst and other additives may be introduced into 
reactor A either with the feed or separately through 
feed lines not shown in Figure 1. Reactor A may be 40 
any conventional polymerisation reactor in which the 
vapourphase orliquid phase polymerisation of olefins 
is carried out, either on a continuous or batch basis. 
The monomer contacts the catalyst in reactor A at a 
suitable temperature and pressure and a portion of 45 
the monomer is converted to polymer. The polymer 
together with unreacted monomer, diluents, etc. 
leave reactor A through line 4 and, in the embodiment 
shown in Figure 1, is transported to flash vessel B, 
wherein unreacted monomer and diluent or solvent (if 50 
present) is removed from the polymer. 

Rash chamber B is a conventional flash vessel, 
typically equipped with heating and agitating means. 
The separation of volatiles from polymer in flash 
chamber B is generally effected by heating the poly- 55 
meric product with the absorbed monomer, perhaps 
at a reduced pressure. Unreacted monomer and sol- 
vent (when present) leave flash chamber B through 



line 6 and are recycled to reactor A. The polymer, 
which still contains some monomer, passes out of 
vessel B through line 8 and next enters stripper or 
polymer purge unit C. 

Stripper C is provided with means for providing 
intimate contact between a stripping gas and the 
polymeric product moving through stripper C. The 
stripping gas enters stripper C through line 10, pass- 
es through the polymer, thereby sweeping unreacted 
monomer and other volatiles from the polymer, and 
exits the stripper through line 12. The polymer leaves 
stripper C through line 14 and is conveyed to down- 
stream treating units, such as extruders. The stripped 
monomer and stripping gas mixture pass through line 
1 2 and into separator D. 

Separator D is a pressure swing adsorption 
(PSA) system. It may comprise a single adsorption 
bed or a battery of beds arranged in series or parallel 
or in combinations of these. In preferred plants the 
PSA system comprises two or more adsorbent beds 
cycled out of phase to provide a pseudo-continuous 
recycle of unreacted hydrocarbon to reactor A. Prefer- 
red PSA plants comprise two or more beds operated 
in a cyclic process comprising adsorption under rela- 
tively high pressure and desorption or bed regenera- 
tion under relatively low pressure or vacuum. 

The function of Separator D is to adsorb unreact- 
ed olefin from the stripper effluent, which generally 
contains unreacted olefin, saturated hydrocarbon im- 
purities, the stripping gas, and possibly various other 
gaseous components, such as nitrogen, carbon ox- 
ides and small amounts of oxygen. Olefins are gen- 
erally more strongly adsorbed by many adsorbents 
than are the other components of the unit C effluent; 
accordingly, unit D contains an adsorbent which more 
strongly adsorbs the unreacted monomer than the 
other components of the stripper B effluent. Typical 
of the adsorbents useful in unit D are zeolite molecu- 
lar sieves, activated carbon, silica gel, activated alu- 
mina, etc., with or without metal ions. 

As the gaseous effluent from unit C passes 
through separator D substantially all of the unreacted 
olefin is adsorbed by the adsorbent contained there- 
in. The nonadsorbed gases leave separator D 
through waste gas discharge line 16. When the un- 
reacted olefin front reaches a predetermined point in 
separator D, the flow of feed to separator D is termin- 
ated and the regeneration phase of the cycle is be- 
gun. 

The regeneration phase generally consists of at 
least two steps, a countercurrent depressurisation 
step and a purge step. During the countercurrent de- 
pressurisation step, an unreacted olefin-rich product 
is desorbed from the adsorbent bed and discharged 
from system D through line 18. During this step of the 
bed regeneration, valve 20 is open and valve 22 is 
closed. This portion of the desorbate is recycled to re- 
actor A via line 1 8, open valve 20 and line 6. The coun- 
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tercurrent depressurisation step may be carried out 
until the adsorbent bed attains atmospheric pressure 
or it may be evacuated to su batmospheric pressure by 
means of a vacuum inducing device, such as a va- 
cuum pump (not shown). 5 

Towards the end of the countercurrent depres- 
surisation step, or subsequent thereto, the purge step 
of the regeneration is initiated. During this step valve 
22 is open and valve 20 is closed, and a nonadsorb- 
able purge gas Is passed countercurrentiy through 10 
the adsorbent bed. The purge gas may be nonadsor- 
bed product gas exiting separator D through line 16 
or a nonadsorble gas obtained from a different 
source. When the nonadsorbed gas from separator D 
is used, it passes through line 24 and valve 26. Other 15 
nonadsorbable gases may be introduced into separa- 
tor D through valve 28 and line 30. Suitable nonad- 
sorbable gases include inert permanent gases, such 
as nitrogen, and lower molecular weight saturated hy- 
drocarbons, such as alkanes having the same num- 20 
berof or fewer carbon atoms as the olefin used as the 
monomer. It can be appreciated, of course, that when 
the nonadsorbed gas from separator D or an alkane 
is used no nitrogen will be introduced into the system. 
This may be advantageous when it is desired to pro- 25 
duce a relatively pure alkane byproduct as the nonad- 
sorbed product. 

The purge gas passing through the adsorbent 
bed during the purge step effects further desorption 
of unreacted olefin from the bed. The desorbed ole- 30 
fin-purge gas mixture is discharged from separator D 
through line 18 and passes through valve 22 and line 
10 and into stripper C, where it serves as a stripping 
gas. 

In an alternative mode of operation of t he system 35 
of Figure 1 , nonadsorbed gas product exiting separa- 
tor D through line 16 is recycled to stripper C through 
line 36 and valve 38 for use as stripping gas. In this 
mode, regeneration of separator D can be conducted 
with or without the purge step; however, in the pre- 40 
ferred procedure the purge step is included and both 
the purge gas exiting separator D through line 18 and 
the nonadsorbed gas from separator D are recycled 
to stripper C as stripping gas. 

In some cases the quantity of stripping gas pro- 45 
vided from separator D through line 18 and/or line 36 
may be insufficient to satisfactorily strip the unreact- 
ed olefin from the polymer passing through stripper 
C. In this case supplemental stripping gas can be sup- 
plied through line 32 and valve 34. 50 

The supplemental stripping gas, which can be an 
inert gas such as nitrogen, or an alkane, can be pro- 
vided continuously or intermittently to stripper, and if 
it is supplied intermittently it can be provided simulta- 
neously or sequentially with t he gas being discharged 55 
from separator D. 

The adsorption cycle may contain steps other 
than the fundamental steps of adsorption and regen- 



eration. For example, it may be advantageous to de- 
pressurise the adsorption bed in two steps, with the 
first depressurisation product being used to partially 
pressurise another bed in the adsorption system. 
This will reduce the amount of non-olefin gases recy- 
cled to reactor A. It may also be desirable to include 
a cocurrent purge step between the adsorption phase 
and the regeneration phase. The cocurrent purge is 
effected by terminating the flow of feed gas into sep- 
arator D and passing high purity olefin cocurrently 
into the adsorption bed at adsorption pressure. This 
has the effect of forcing nonadsorbed gas in the void 
spaces in separator D toward the nonadsorbed gas 
outlet, thereby ensuring that the olefin produced dur- 
ing the countercurrent depressurisation will be of high 
purity. The high purity olefin gas used for the cocur- 
rent purge can be obtained from an intermediate stor- 
age facility in line 18 (not shown) when separator D 
comprises a single adsorber, or from another adsorb- 
er that is in the adsorption phase, when separator D 
comprises multiple adsorbers arranged in parallel 
and operated out of phase, or from olefin feed line 2. 

The apparatus used in the second embodiment of 
the invention and the arrangement of the various 
units in this embodiment is illustrated in Figure 2. 
Polymerisation reactor A, flash chamber B, stripper C, 
and gas separator D of Figure 2 are identical to the 
corresponding units of Figure 1. In addition to these 
units, the system of Figure 2 includes a fractionator, 
E, and a second stripper, F. The additional units of 
equipment are well known and their design features 
do not constitute a part of the present invention. 

The system of Figure 2 is designed to accept a 
feed stream comprised substantially of an alkene 
monomer but containing one or more alkanes as im- 
purities. Typical of such feed streams are commercial 
grade ethene and propene, which comprise about at 
least 99 % by volume alkene and up to about 0.5 vol- 
ume % of the corresponding alkane, i.e. ethane and 
propane, respectively. 

Fractionator E can be any piece of equipment or 
system that is capable of separating an alkene from 
the corresponding alkane. Typical of suitable fractio- 
nators are fractional distillation columns, commonly 
known as splitters, adsorption systems and semi- 
permeable membranes. Stripper F can be similar to 
stripper C. 

The process that takes place in the system of Fig- 
ure 2 is similar to the process described above with 
respect to Figure 1, with the following exceptions. In 
the operation of the process of the invention in the 
system illustrated in Figure 2, a feed stream compris- 
ing a mixture of an alkene and the corresponding al- 
kane are introduced into fractionator E through line 
100. The feed mixture is separated in fractionator E 
into an alkene-rich stream, which leaves fractionator 
E through line 102, and an alkane-rich stream, which 
leaves this unit through line 104. The alkene-rich 



5 



9 



EP0 586 244 A1 



10 



stream passes through line 102 and enters reactor A. 
This stream may have the same composition as the 
feed stream entering reactor A of Figure 1 through line 
2. 

The alkane-rich stream produced in fractionator 5 
E f or a portion thereof, leaves this unit through line 
104 and it serves as supplemental stripping gas for 
stripper C. The principal sources of stripping gas for 
stripper C are, of course, the purge stream exiting 
separator D through line 18 and valve 22 and/ or the 10 
nonadsorbed product gas passing through line 36 
and valve 38. Line 104 and valve 106 of the system 
of Figure 2 are equivalent to line 32 and valve 34 of 
the system of Figure 1. 

In the preferred mode of operation of the system 15 
of Figure 2, separator D is purged with the nonadsor- 
bed gas stream exiting separator D through line 16. 
It can be appreciated that this gas stream will be com- 
prised substantially of the alkane being introduced 
into stripper C through line 104 and any nonadsorb- 20 
able impurities contained in the feed stream entering 
stripper C through line 8. As an alternative to the use 
of the nonadsorbed gas from separator D as a purge 
gas, an alkane, such as the alkane leaving fractiona- 
tor E through line 104, can be used as the purge gas 25 
for separator D. In this case the alkane purge gas is 
introduced into separator D through line 108 and 
valve 110. Thus, it can be seen that very little or no 
nitrogen will be introduced into stripper C or reactor A 
from the purging and stripping steps carried out in 30 
units C and D. 

In the system of Figure 2, the polymer product 
leaving stripper C through line 14 of the system of Fig- 
ure 2 flows into stripper F, wherein it is stripped of en- 
trained alkane. As the polymer product moves 35 
through stripper F, a stripping stream, preferably com- 
prised of an inert permanent gas such as nitrogen, 
passes through it The stripping gas enters stripper F 
through line 112 and exits this unit through line 114, 
together with the alkane and other impurities stripped 40 
from the polymer in stripper F. These gases can be 
passed to flare or downstream processing units, such 
as additional PSA systems. The polymer exiting strip- 
per F through line 116 is likewise subjected to further 
processing, such as extrusion. 45 

The process of the invention has several advan- 
tages over prior art processes. Purging the PSA sys- 
tem represented as separator D with an inert gas and 
returning this gas to an upstream part of the system 
enhances the recovery of unreacted monomer. When so 
the nonadsorbed gas is used as a purge gas for the 
PSA unit and/or as a stripping gas for the stripping op- 
eration, the overall efficiency of the PSA process is 
enhanced because of the reduced loss of unreacted 
olefin in the nonadsorbed effluent from the system. 55 
Using the same gas stream as a purge gas for the 
PSA system and as a stripping gas for stripping C also 
minimises the amount of inert gas introduced into the 



system in the unreacted monomer recovery steps of 
the process. Another advantage is realised by prac- 
ticing the process of the invention in the system of 
Figure 2. Since any alkene contained in the stripping 
gas stream flowing through line 104 is recovered in 
separator D, fractionator E can be operated in a man- 
ner that produces lower purity alkane-rich stream. 

Although the invention has been described with 
particular reference to the specific systems illustrated 
in the drawings, modifications of these embodiments 
are contemplated. For example, the nonadsorbed 
product stream from the PSA system can be further 
treated to recover unreacted olefin remaining in this 
stream. Also, part of the purge stream exiting sepa- 
rator D can be directly recycled to the feed line to this 
unit Also, with respect to the system of Figure 2, the 
purge stream exiting stripper F through line 114 can 
be further treated to recover alkane from the stream. 
Furthermore, if desired, The purge gas exiting sepa- 
rator D can be the sole source of stripping gas for 
stripper C. 



Claims 

1. A process for producing a polymer comprising; 

(a) contacting a feed gas comprising an ethy- 
lenically unsaturated monomer with a poly- 
merisation catalyst in a reaction zone, thereby 
producing a polymeric product; 

(b) passing said polymeric product through a 
stripping zone wherein a stripping gas sweeps 
gaseous unreacted monomer from the poly- 
mer; 

(c) cocurrently passing the gaseous unreact- 
ed monomer-stripping gas mixture at superat- 
mospheric pressure through a PSA system 
comprising an adsorption bed which adsorbs 
said unreacted monomer more strongly than 
other components of the gaseous stream, 
thereby adsorbing unreacted monomer from 
said monomer-stripping gas mixture and pro- 
ducing a monomer-lean nonadsorbed product 
gas; 

(d) countercurrently depressurising said ad- 
sorption bed, thereby producing an unreacted 
monomer-rich product; 

(e) 

i) passing said monomer-lean non adsor- 
bed product gas to said stripping zone 
and/or 

ii) countercurrently purging said adsorp- 
tion bed with a substantially nonadsorb- 
able gas, thereby producing a purge 
stream containing residual unreacted 
monomer and purge gas; 

(f) recycling the unreacted monomer-rich 
product to the reaction zone; and 
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(g) passing said purge stream to said stripping 
zone as stripping gas. 

2. A process according to Claim 1, in which said 
monomer is olef inically unsaturated. 

3. A process according to claim 1 or claim 2, in which 
said monomer is a mono-olef in or diolef in having 
from 2 to 4 carbon atoms. 

4. A process according to any one of claims 1 to 3, 
additionally including the step of cocurrently 
purging the adsorption bed with a monomer-rich 
stream between steps (c) and (d). 

5. A process according to claim 4, wherein said 
monomer rich stream is said unreacted mono- 
mer-rich product. 

6. A process according to any one of the preceding 
claims, further comprising stripping the polymer- 
ic product from step (b) with nitrogen. 

7. A process according to Claim 6, in which said 
polymeric product is stripped first with an alkane 
having from 1 to 3 carbon atoms. 
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8. A process according to any one of the preceding 
claims, wherein said substantially non-adsorb- 
able gas is selected from nitrogen, the non-adsor- 30 
bed product gas exiting the PSA system, and an 
alkane having from 1 to 3 carbon atoms and mix- 
tures of these. 



stripping gas comprises ethane, or said monomer 
is propene and said stripping gas comprises pro- 
pane. 

14. A system for producing polyolefins comprising: 

(a) reactor means adapted to convert an oie- 
f inic monomer to a polyolef in and discharge a 
polyolefin-rich product; 

(b) stripping means adapted to receive said 
polyolefin-rich product from said reactor 
means and strip unreacted monomer there- 
from by contacting said polyolefin-rich prod- 
uct with a stripping gas; 

(c) pressure swing adsorption means which 
contains an adsorbent which selectively ad- 
sorbs olef inic monomer and which is adapted 
to receive the stripped unreacted monomer- 
containing stream at superatmospheric pres- 
sure and adsorb unreacted monomer there- 
from; 

(d) conduit means to convey to said reactor 
means unreacted monomer desorbed from 
said pressure swing adsorption means during 
a bed depressurisation step; 

(e) purge gas means adapted to purge resid- 
ual unreacted monomer from said adsorbent; 
and 

(f) conduit means to convey the purged un- 
reacted monomer from said pressure swing 
adsorption means to said stripping means. 



9. A process according to any one of the preceding 35 
claims, wherein the monomer is olef inically unsa- 
turated and the non-adsorbable gas comprises 

an alkane having the same number of carbon 
atoms as the monomer. 

40 

10. A process according to any one of the preceding 
claims, wherein prior to step (b) unreacted mono- 
mer is removed from said polymeric product in a 
flash zone and is recycled to said reaction zone. 

45 

11. A process according to any one of the preceding 
claims, in which the feed gas comprises an ole- 
f inically-unsaturated monomer and is obtained as 
a product of fractionation of a mixture of the 
monomer and an alkane having the same number 50 
of carbon atoms as the monomer, the fractiona- 
tion also producing an alkane-rich stream. 



12. A process according to claim 11, in which said al- 
kane-rich stream is employed as said purge gas. 55 

13. A process according to any one of the preceding 
claims, wherein said monomer is ethene and said 



7 



EP 0 586 244 A1 




8 



EP 0 586 244 A1 




9 



EP 0 586 244 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 93 30 6919 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document frith indication, where appropriate, 
of relevant passages 



Relevant 

to 1 



CLASSIFICATION OF THE 
APPLICATION (InLClS) 



A 

A 



EP-A-0 047 077 (UNION CARBIDE CORPORATION) 

* the whole document * 

EP-A-0 398 339 (AIR PRODUCTS AND 
CHEMICALS) 

* the whole document * 



C08F6/00 
C08F2/00 



TECHNICAL FIELDS 
SEARCHED ObLQ.S) 



C08F 



The 



i report has heea (hrawo up for ail claims 



Plica of a 

THE HAGUE 



Date af taanaalai sftai mmx* 

9 December 1993 



Fischer, B 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if takes alone 

Y : particularly relevant if combined with another 

document of the same category 
A i tx hoo toa^cal bacharouBd 
O : ooo-writtaa disclo s ure 
P : intermediate doauaeat 



T : theory or principle unaerlvtDt the farcation 
E : earlier patent document, but published on, or 

after the flllnj date 
D : docuaeat cited to the ■ polka ft oa 
L : document dted for other reasons 



r of that 



faxmDy, 



10 



